The objective of this research paper is to demonstrate the application of hybrid knowledge-based system, gauging absences of pre-requisites (GAP), and analytic hierarchy process (AHP) approaches for selecting the improvement programs for Collaborative Green Manufacturing Management (CGMM) system. In this research, a generic knowledge-based system is developed to measure the level of CGMM adoption in automotive manufacturers compared to the ideal system. Using the GAP and AHP tools, the key green manufacturing improvement programs can be prioritized and demonstrated with an illustrative example.
Introduction
It is not well established who initiated the idea of the green manufacturing and when it is started [1] . The term green in this context refers to as (1) "relating to or being an environmentalist political movement", (2) "concerned with or supporting environmentalism" and (2) "tending to preserve environmental quality (as by being recyclable, biodegradable, or nonpolluting)" [2] . The basic description of green manufacturing is a manufacturing system which mainly which has a minimal, nonexistent, or negative impact on the natural environment [3] .
The term itself is also extended to the terms such as green remanufacturing, green operations, green design, and green supply chain [4] . The main objective of this paradigm is to prevent pollution and save energy through the discovery and development of new knowledge that reduces and/or eliminates the use or generation of hazardous substances in the design, manufacture, and application of chemical products or processes [5] . The concept of green manufacturing is not similar with sustainable manufacturing although there exist correlation among them. The premise used in this research is that green manufacturing is a progress towards sustainable manufacturing rather than a separate singular component.
The Conceptual Model
This research starts with extensive literature survey on green technology and manufacturing management practices. Investigation to determine the recent status and development on green technology and manufacturing management practices in the automotive industry have been carried out. Knowledge, understanding and culture of green manufacturing philosophy within this industry community were captured, in order to develop the conceptual model for CGMM.
In Stage 1 (Planning Stage), there are two major sets of information that need to be considered: Collaborative Business and Green Manufacturing perspectives. Profile of organization is the first component needed in the Collaborative Business perspective. This component is used to gather the general information of the organization environment, financial status and market share [6] . These financial and market components need to be analyzed to evaluate the strength of the organization in planning the strategy for CGMM achievement. For that reason, the inter-related elements of Organization Environment, Financial Analysis and Market Analysis are identified to be assessed in the Collaborative Business perspective of the model.
As operations are the heart of any manufacturing organization, a component to gather the strategy of the organization towards CGMM is needed. This component, Green Manufacturing perspective is needed to gather the information on how green the organization in term of product design, production, internal relationship, and external relationships with suppliers and customers [7] . For that reason, three elements are identified to be assessed: Product Design for Manufacture, Internal Green Chain, and External Green Chain which is linked to Collaborative Business perspective. It can be seen that the Stage 1 involves planning elements of the organization's strategy. This strategy then needs to be designed accordingly to successfully achieve CGMM, and contained in Stage 2.
In Stage 2 (Design Stage), there are two major sets of information that need to be considered. The capability of the organization to compete in the business is the first component that needs to be evaluated. This element, Organization CGMM Capability is assessed based on the organization capabilities in terms of quality, time, flexibility, value (cost), and supply chain [7] . At the same time, the organization's resource capabilities of human, technology, and finance which play important roles to achieve CGMM need to be identified.
Since business success mainly depends on customers, the organization's efforts on the operational processes need to be aligned to acquire and satisfy the customers. The involvement of all employees, identifying and elimination non-value adding activities, and continuously improve the manufacturing process are the elements identified to ensure the customers loyal to the organization.
In essence, all elements in Stage 1 and Stage 2 are inter-related and can be integrated as shown in Fig. 1 . 
KNOWLEDGE-BASED SYSTEM

Knowledge-Based GAP-AHP Hybrid System
Based on algorithm developed by [8] , and supported by [9] , the utilization of this hybrid approach (the combination between the GAP analysis and the AHP approach) required specific algorithms in the process to match the five-point scales of Problem Categories (PC) in the GAP analysis and the nine-point scales of Intensity of Importance in the AHP technique. Since these nine-point scales are used in the prioritization process of AHP, there is a need to transfer all five-point scales of PC into AHP point scales. The detail explanations of the transfer algorithm and the performance score are discussed in [8] . Table 1 shows the guide for transferring performance scores in GAP in intensity of importance in AHP. In this research, the AM for Windows (AM) software is used as a development tool for KBS system in developing a CGMM along with AHP which is embedded in the system. Basically, the AHP is a tool that is used to support management in problem-solving processes that relate to multi-attribute problems that occur in day-to-day (but complex) operations. In developing knowledge-based CGMM (KBCGMM), the AHP is used to prioritise the factors that are needed for improvement, and based on a series of questions that have been analysed by the GAP analysis technique. To illustrate the application of the tools, an analysis of an automotive manufacturing company, knows as Company A is discussed in the next section. Table 2 shows the summary results of KBCGMM Model verification and validation in terms of GAP Analysis for Company A. Out of a total of 472 KB rules that were responded, 388 were Good Points and 84 were Bad Points (representing 18.6%). The number of Bad Points indicates the present performance gap of the organization relative to the best practice standard contained in the model.
Analysis of Company A
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It can be seen that in the Level 2: Green Manufacturing Perspective, 15.2% (25 out of 165) of the responses was Bad Points. In the other levels, the percentages of Bad Points are: 24.0% (37 out of 154) in the Level 3: Competitive Priorities Perspective, 15.1% (16 out of 106) in the Level 4: Resources Perspective, and 12.8% (6 out of 47) in the Level 5: Process Perspective. Table 3 shows the summary results for the AHP Analysis in terms of Priority Vector values. From the results, KBCGMM acts as a decision support system to the organization by showing the actions needed to be tackled in a prioritized order. It needs to be reiterated that if GAP Analysis provides the performance gaps of the organizations relative to the best practice for each activities within a module and a sub-module, then AHP provides the improvement initiative priorities across the modules and sub-modules. The bold figures show the priorities for each perspective. For example in the Level 2: Green Manufacturing Perspective, Company A needs to focus first on improving the External Green Chain activities, and within this module it needs to focus on Integration with Suppliers sub-module. Furthermore, the GAP Analysis discussed earlier for this Integration with Suppliers sub-module has identified the key aspects which need to be overcome to achieve the duly best practice.
Based on both AHP and GAP Analysis results provided by the KBCGMM, follows is the summary of identified areas or activities that need priority improvement for Company A. In Level 2, External Green Chain is the module needs to be in the first priority for immediate improvement mainly Integration with Suppliers activity. For Level 3, Company A needs to prioritize first on Value especially on Resources Cost.
In Level 4, Company A needs to focus first on Technology Resource with special attention to Information Technology. Finally in Level 5, Waste Elimination module needs attention with priority on Evaluation, Diagnosis & Action Plan activity. Thus all the high level, mid-level and low level modules can be analyzed in a step-by-step, prioritized manner to improve the CGMM.
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Conclusion
This paper has described an application of hybrid GAP and AHP knowledge-based system to improve the collaborative green manufacturing activities. The GAP analysis technique assists organizations to understand the position in comparison to the ideal one, whereas AHP technique prioritizes the immediate improvement programs to be taken. If you follow the "checklist" your paper will conform to the requirements of the publisher and facilitate a problem-free publication process. In the example shown, the company should focus more to external green chain, value competitive priorities, technology resource and waste elimination process.
